Background: Nocturnal enuresis (NE) is a very common chronic pediatric problem with bad psychological consequences. Methods: Forty primary monosymptomatic nocturnal enuresis (MNE) children and 20 healthy controls were recruited in the study and subjected to history taking, neurological and urological examinations, and psychological assessment using the Arabic-translated and validated version of child behavior checklist, sleep architecture studying through onenight polysomnography (PSG), and vasopressin levels determination both diurnal and nocturnal. Results: Enuretic children had positive family history of NE in 42.5%, inverted vasopressin circadian rhythm in 52.5% and PSG changes in the form of increased N3 deep sleep % of total sleep time (TST), sleep stage transition index (SSTI), periodic limb movement index (PLMI), and snore index. Enuretic children PSG showed decreased deep sleep latency, N1% of TST, N2% of TST, and REM % of TST. The child behavior checklist showed higher anxious depressed symptoms, social problem, attention problems, and internalizing problems in enuretic children than control subjects. Conclusions: MNE is a heterogeneous disorder with multiple factors interplay in its pathogenesis. So, the management must be tailored patient by patient according to the dominating etiology.
Background
Nocturnal enuresis (NE) is defined as a complete or nearly complete micturition in bed during sleep more than two times a week for at least three consecutive months in a healthy child above the age of 5 years (Austin et al. 2014) . Following allergy, NE is the second most common chronic pediatric problem affecting 10-15% of children by the age of 5 years (Butler & Heron 2008) . Spontaneous remission is usual and the number of affected children reduces year by year to reach 1% at adulthood (Mota et al. 2005 ). Bedwetting has a deep impact on social, scholastic, and emotional well-being of children during an important period of psychosocial development (Joinson et al. 2007) .
Nocturnal enuresis may be functional or organic due to neurological or urological diseases. The organic causes of NE constitute less than 5% of cases (Joinson et al. 2007 ). Functional enuresis may be primary with no prior period of sustained dryness or secondary with recurrence of nocturnal bed wetting after more than 6 months of dryness. Secondary NE is usually precipitated by upper airway obstruction, urinary tract infection, chronic constipation, ADHD, conduct disorder, specific phobia, generalized anxiety, or depression (Khedr et al. 2015) .
Primary NE may be either monosymptomatic nocturnal enuresis (MNE) with normal daytime voiding patterns or non-monosymptomatic NE caused by overactive bladder and presented by daytime wetting, urinary frequency, urgency, hesitancy and interrupted stream with variable-sized wet patches, repeated lower urinary or genital pain, and awakening after wetting (Khedr et al. 2015; Telli et al. 2015) .
Primary MNE is a heterogenous disorder results from the interplay of different factors, the predominant one may vary from patient to another which necessitate tailoring of management protocol case by case. The presence of more than one affected family member (history of affected parent or siblings) is common pointing to the role of genetic predisposition in MNE. Another possible etiology of MNE is nocturnal polyuria with decreased arousal from full bladder during sleep due to brainstem enuresis inhibiting reflex maturational delay. Psychological factors are also possible causes which if not properly treated results in resistance of many cases to treatments (Baeyens et al. 2007; Raheem et al. 2013 ).
Aim of the work
To study the possible primary monosymptomatic nocturnal enuresis etiologies and their relation to the disease severity
Methods
The present study was conducted on 40 primary MNE children (group I), aged 6-18 years recruited from the outpatient clinics of the Neuropsychiatry Department, Tanta University Hospitals, started from 25 April 2016 till the end of November 2016. Twenty healthy control subjects matching the enuretic subjects' age and sex were also included (group II).
Exclusion criteria included children with non-MNE, secondary NE, mental disorders, and psychiatric problems. NE cases due to organic neurological or urological causes were also excluded which were attained by neurological and urological examinations, urine analysis, and abdominal ultrasound.
The study protocol was approved by the local ethics committee (The Research Ethics Committee and Quality Assurance Unit, Faculty of Medicine, Tanta University). Participation was voluntary, and all participants' parents received detailed information concerning the aims of this research work and possible risks of participation, and an informed consent was obtained from every case prior to the commencement of the study.
History taking was done to all subjects with special stress on frequency of NE, family history of NE, and previous treatment trials.
Patients and control subjects were subjected to one-night polysomnogram (PSG) using a Somon Medics Gmbh (Am SonnenstuhL63, D-97236 Rander Sacker, Germany, type: SOMNO screenTMplus, SN: 4259, kw45: 2014) . Each PSG included EEG channels montages (O1/A2, C3/A2, C4/A1, and O2/A1), electrooculography (LOC-A1/A2 and ROC-A 1/A2), surface tibial and submental EMG, and modified V2 lead ECG; nasal and oral signals were recorded by thermal airflow sensors, tracheal sounds by microphone, and the chest and abdominal effort was measured by dual thoracoabdominal RIP (respiratory inductance plethysmography) belts of children size. The PSG parameters were scored according to The American Academy of Sleep Medicine Manual for the Scoring of Sleep and Associated Events: Rules, Terminology and Technical Specifications, (version 2.4), 2017 (Berry et al. 2017) , that included the sleep latency (SL) which refers to the length of time taken in transition from wakefulness to sleep, sleep efficiency (SE) which is the total sleep time (TST) divided by the total in bedtime, and sleep stage transition index (SSTI) which is the number of transition between various sleep stages per hour.
Recruited children were also subjected to evaluation of vasopressin level both diurnal (at 9-11 am) and nocturnal (at 9-11 pm). There were no restrictions in water intake of all subjects in the days prior to sample collection but were advised to stop taking any medications in the previous 24 h. Seven milliliters of venous blood was collected from all subjects for biochemical analysis which was divided into 5 ml for obtaining serum samples which were recovered and immediately aliquotted and frozen at − 70°C until use. Antidiuretic hormone/vasopressin/arginine vasopressin (ADH/VP/ AVP) was quantified by the commercially available Quantikine Enzyme Linked Immunosorbent Assay (ELISA) methodology according to the manufacturer's instructions (SunRed Assay, Catalog Number 201-12-1049, PELOBIOTECH GmbH-Am Klopferspitz 19-82152 Planegg, Germany). Color intensity was measured by a standard ELISA Reader. All samples and Quantikine kit standards were measured in duplicates for construction of standard curves with normal vasopressin level 2-400 picogram/ml.
An Arabic-translated and validated version of child behavior checklist (CBCL) was completed by a parent and scored using a computerized scoring software system (Assessment Data Manager-version 9.1). CBCL yields four global T-scores: competence, internalizing behavior problems, externalizing behavior problems, and total problem behaviors. Three subscales contribute to the competence score: activities, social adaptation, and school. Eight subscales contribute to the behavioral syndrome scales: withdrawn, somatic complaints, anxious/ depressed, social problems, thought problems, attention problems, delinquent behaviors, and aggression (Achenbach and Dumenci 2001; EL Koumi et al. 2012) .
Statistical analysis was conducted using SPSS version 19 (Statistical Package for Social Studies) created by IBM, Chicago, IL, USA. For numerical values, the mean ± standard deviation was used and analyzed by the unpaired Student t test. Correlation analysis was performed using Pearson's correlation test. P value ˂ 0.05 considered statistically significant.
Results
The study included 40 MNE child, 24 males (60%) and 16 females (40%). Their ages were 6.5-17.2 (11.6 ± 3.1) years, and the bedwetting frequencies were 3-7/week (4.75 ± 1.3). Seventeen patients (42.5%) had positive family history of NE (5 had history of an affected parent and 12 had an affected sibling).
Eighteen NE children had history of desmopressin treatment trial; 5 had nearly complete response for more than 3 months but response was drug dependent and rapid relapse of bedwetting occurred on drug stoppage, 4 had partial response with decreased bedwetting frequency by about 50%, and 9 had sluggish or no response. There was no significant difference in the incidence of spina bifida occulta (SBO) among patients and control subjects (22.5 versus 20% respectively). Six enuretic SBO children were in those with sluggish response to desmopressin and 3 had no previous treatment trials.
The present study showed mildly significant decreased diurnal and nocturnal VP levels in enuretics than healthy control subjects (202.8 ± 71.8 and 194 ± 73.3 versus 243.8 ± 58.6 and 237.2 ± 56.2, respectively) with p = 0.031 and 0.033. Twenty-one enuretic cases (52.5%) showed inverted VP circadian rhythm with nocturnal VP level lower than diurnal versus only 2 controls (10%). Vasopressin nocturnal/diurnal difference was significantly lower in enuretic children than control subjects (− 8.88 ± 37.02 versus 30.22 ± 18.29 and p < 0.0001) ( Table 1) .
Regarding CBCL, there were significant increase in the anxious depressed symptoms, social problem, attention problems, and internalizing problems in enuretic children than control subjects (57.5 ± 8.5, 60.3 ± 7.1, 57.4 ± 7.2, and 55.6 ± 10.9 versus 51.7 ± 2.3, 54.1 ± 4.5, 52.9 ± 3.2, and 45.8 ± 8.6) with p values = 0.004, 0.0011, 0.012, and 0.0009, respectively (Table 1) . Somatic symptoms, thought problems, physical activities, and sluggish cognitive tempo showed non-significant differences between both groups.
Polysomnographic findings showed non-significant differences between MNE children and control subjects regarding TST, SE, and apnea hypopnea index (AHI). The study showed significant decrease in deep sleep latency, N1% (non-REM 1) of TST, N2% of TST, and REM % of TST in enuretic children than controls (19.5 ± 3.6, 4.6 ± 1.6, 28.7 ± 11.3, and 12.8 ± 6 versus 25.9 ± 3.7, 5.5 ± 1.4, 52.3 ± 3.5, and 22.1 ± 3.8) with p < 0.0001, 0.027, < 0.0001, and < 0.0001, respectively. On the other hand, there were increases in each of N3% of TST, sleep stage transition index (SSTI), periodic limb movement index (PLMI), and snore index in MNE children than control subjects (54 ± 18.4, 19.5 ± 6.4, 6.7 ± 2.6, and 15.2 ± 15.9 versus 20.1 ± 4, 9.7 ± 2.3, 4.77 ± 0.8, and 6.5 ± 2.9) with p < 0.0001, < 0.0001, 0.002, and 0.018, respectively. The study also showed non-significant differences between both groups regarding stages 1, 2, and REM latencies ( Table 2 and Figs. 1 and 2) .
The frequency of NE was higher among children with positive family history of NE especially those having SBO. It was positively correlated with N3% of TST, SSTI, and snore index. On the other hand, the frequency was negatively correlated with child's age, N1, N2, and REM % of TST and nocturnal diurnal vasopressin difference but it had no correlation with PLMs index and the studied psychological parameters of CBCL (Table 3) .
Nocturnal diurnal vasopressin difference was positively correlated with N1, N2, and REM % of TST but negatively correlated with N3% of TST, SSTI, and snore index (Table 3) .
Discussion
Nocturnal enuresis is defined as involuntary voiding of urine during sleep beyond the age at which bladder control is normally obtained. The primary monosymptomatic variant of NE is a heterogenous disorder in which multiple factors work together to result in its development in genetically predisposed subjects (von Gontard et al. 2011 ). This work studied the possible etiological factors of MNE and parameters that increase its severity or may results in inappropriate response to treatments. The study showed that MNE is more common in male children with positive family history of NE pointing to the possible hereditary factor in its pathogenesis. These results are in accordance with Thurber's work (Thurber 2017 ) who stated the importance of genetic role in pathogenesis of MNE and documented the presence of more than one affected member within the patient's family tree. The present study showed non-significant difference in the incidence of SBO in MNE children and healthy control subjects but enuretic children with SBO had history of poor response to desmopressin. Shin and colleagues (2013) found a nearer incidence of SBO among their studied cases (26.9%). The study also showed variable response of the included MNE children to previous vasopressin treatment, part had partial response, another was totally non-responsive, and a third group was temporarily responsive which points to the different etiological factors of the disease and the problem is not only disturbed nocturnal vasopressin secretion. This finding is in accordance with Thurber's work (Thurber 2017) who stated that MNE is a multifactorial disorder in which disturbed nocturnal vasopressin secretion constitutes a part but not the whole picture of etiology.
The present study showed a high percent of inverted VP circadian rhythm (52.5%) and significant decrease in nocturnal/diurnal VP difference in enuretic children than controls pointing to the presence of nocturnal polyuria (2013) and Kim and colleagues (2014) . At the same time, ElBaz and colleagues (2015) and Hamed and colleagues (2015) are in accordance with that children with inverted rhythm had a higher frequency of enuresis but they estimated a higher percent of inverted vasopressin rhythm among their studied enuretic children (82%) possibly due to difference in demographic data of their studied children. On the other side, some studies included that of Hoffmann and colleagues (2017) which assumed that decreased nocturnal vasopressin secretion is a consequence and not the cause of enuresis as bladder distension is a potent stimulator of VP secretion and bladder emptying by enuresis may be an inhibitor of VP secretion, but we tried to overcome this debate in the study by unifying the methodology of sample collection in both MNE children and healthy control subjects. Psychological assessment of enuretic children using CBCL revealed increased anxious depressed symptoms, social problem, attention problems, and internalizing problems in comparison to control subjects. On the other hand, somatic symptoms, thought problems, physical activities, and sluggish cognitive tempo showed no significant differences between children with NE and control subjects. These results are passing with the work of Abd El-Wahab and colleagues (2015) who found impairment of the CBCL competence parameters mainly in participation in activities and social and total competence.
Polysomnographic studies showed marked prolongation in slow wave deep sleep (N3) in enuretic children than controls on the expense of shortening of N1, N2, and REM sleep. The work of Hamed and colleagues (2015) agrees with shortened REM % of TST among enuretic children but their work showed significant prolongation of N1% of TST and non-significant differences in each of N2 and N3% of TST possibly due to differences in demographic data of their studied subjects. These children may benefit from bedwetting alarm, transcutaneous electrical nerve stimulation of the foot, or further researches on drugs that return the normal sleep architecture. The study also showed significant increase in SSTI in enuretic children than controls pointing to impaired sleeping quality which in turn may predispose to daytime sleepiness and learning problems. These results are in harmony with that of Soster and colleagues (2016) who found impaired sleep disturbance scale for children in enuretic children. Periodic limb movement and snoring indices were slightly higher in enuretics than control subjects, and these results are passing with those of Dhondt and colleagues (2015) and Alexopoulos and colleagues (2005) , respectively.
The frequencies of NE were higher among children with positive family history of NE, inverted VP circadian rhythm, and higher sleep architecture abnormalities. These results are in accordance with the works of Kim and colleagues (2014) and Hamed and colleagues (2015) .
Conclusions
Primary MNE is a multi-etiological disorder results from the interaction of genetic predisposition, sleep architecture abnormalities, inverted vasopressin secretion rhythm, and psychological disturbances. So, its management is in ultimate need of multidisciplinary treatment protocol. 
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